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METHOD OF REDUCING THE EFFECTS OF VARYING ENVIRONMENTAL 
CONDITIONS IN A MEASURING INSTRUMENT AND MEASURING 
INSTRUMENT USING THE METHOD 

5 

The invention relates to a method of reducing the effects of varying environmental 
conditions, such as varying temperature or humidity, on the measuring results in a 
measuring instrument The invention also relates to a measuring instrument having 
reduced effects of varying environmental conditions on the measuring results. The 
10 invention can be used with any type of measuring instruments the operation of which 
is dependent on ambient conditions. A preferred field of use of the invention is in 
connection with optical instruments, for example optical detectors for liquid 
chromatography. 



Varying environmental conditions, such as variations of the ambient temperature or 
of humidity or of the speed of ambient air, have negative effects on the measuring 
20 results in a measuring instrument. Tn optical instruments, for example, temperature 
variations impair the measuring results in the following ways: 
- Thermal expansion of materials changes the dimensions of the optical components 



and may thus change the optical properties of the instrument. Furthermore, 
mechanical stress is induced by thermal expansion which has an impact on optical 



- The emission characteristics of the light source of the instrument is temperature 
dependent. 

The retractive index of a sample to be measured or of a solvent changes with 
temperature and influences the optical image properties. 
30 - The dark current and the sensitivity of a photo sensor used in the instrument is 
temperature dependent. 

The operation of the electronic circuitry used in the instrument for control and 
data analysis is also influenced by temperature. 



5 



BACKGROUND OF THE INVENTION 



25 



image properties . 
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In order to further illustrate the underlying problem of the present invention, 
reference is made to Figure 1 which is a block diagram of an absorbance detector for a 
liquid chromaiograph. The detector comprises a flow cell 1 with an inlet 3 and an 
outlet 2 for sample liquid eluting from a chromatographic separation column (not 
5 shown). The flow cell I is irradiated with a polychromatic light beam 4 generated by 
a tungsten lamp 8 and a deuterium lamp 6 and shaped by lenses 5 and 7. The light 
beam 4 entering the flow cell 1 is absorbed by the sample in the cell at specific 
wavelengths which are characteristic for the sample. The beam 9 leaving the flow cell 
1 impinges on a diffraction grating 10 which spatially separates the beam 9 into rays 
io of different wavelengths. The grating 10 directs the rays of different wavelengths onto 
a sensor 1 1, typically a photodiode array, where the rays of different wavelengths arc 
detected. The absorbance detector shown in Figure 1 further comprises electronic 
circuitry 12, e.g. for controlling the instrument and for data processing and 
evaluation, and a power supply 13. 

15 

The thermal balance and the distortion of the thermal equilibrium in the detector 
shown in Figure 1. is determined by several factors* such as: 

- environmental condi Hons, mainly ambient temperature; 

- power dissipation of the tungsten lamp (typically 5 W); 

20 - power dissipation of the deuterium lamp (typically 25 to 30 W); 

- heat transfer of flow of heated sample or solvent (typically 0 to 20 W); 

- power dissipation of electronic circuitry, power supply and actuators. 



The heat generated by the total powei dissipation in the detector has to be transported 
25 to the outside. This can in principle be achieved by thermal conduction, thermal 

convection, thermal radiation, or forced air-cooling. In the prior art detector shown in 
Figure 1 , an arrangement 14 for forced air cooling, such as a fen, is employed for beat 
transfer. The arrows IS indicate the direction of air flow. Air is thus transported by 
m eans of the fan 14 across the optical unit of the detector and then across the power 
30 supply and the electronic circuitry to the outside through openings in the detector 
housing. The fan 14 also causes air to be drawn in through openings in the detector 
housing from the side opposite to the power supply and electronic circuitry (bottom of 
Figure I). 
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Under normal stationary conditions the power dissipation of electronic circuitry, 
lamps, actuators and power supply can be assumed to be constant and time invariant. 
The mentioned components are also only contributing to temperature effects on the 
5 measurement results to a smaller extent. Of greater concern are changes in the 
environmental conditions and the variation of the heat transfer of the sample or 
solvent as a consequence of a change of the analytical measuring parameters during 
the measurement, 

10 Under normal operating conditions and with the assumption of constant ambient 
lemperature the equilibrium is achieved after a certain amount of time, depending on 
the individual time constants of the various components. If, however, the ambient 
temperature is changing, all internal temperatures in the detector are changing 
according to the effective time constants given by thermal resistance and thermal 

l s capacitance. It can easily be shown, for example with the help of a model wherein the 
thermal conditions in the detector are expressed with electric circuit equivalents (heat 
as current, temperature as voltage, etc), that ambient changes will modulate the 
internal Temperatures. This causes thermal expansion, mechanical stress and therefore 
affects the optical properties of the system. The measuring signal is thus 

20 superimposed with temperature interaction effects so that the accuracy of the 
measuring results is impaired. 

In the prior art, several attempts have been made to overcome the influence of 
ambient temperature changes. According to one approach, the forced air flow i$ 

25 varied by controlling the fan speed In another approach, partial temperature control 
of specific functional blocks (optic or mechanic) is performed, for example by 
temperature stabilization of the optical unit, by using a flow heat exchanger, or by 
controlling the cooling air flow to the lamp housing. According to a third approach, it 
is attempted to keep the environmental conditions stable by employing air 

30 conditioning of the room in which the measuring instrument is located. In farther 
prior art suggestions, sensitive functional blocks, for example the optica! unit, are 
thermally insulated. 
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All the mentioned approaches provide only partial solutions to the problems 
associated with ambient temperature changes so that the effects of these changes on 
the measuring results cannot be suppressed or reduced to an acceptable level. Also, 
the prior ait solutions are often technically complex and costly. 



SUMMARY OF THE INVENTION 

It is thus an object of the invention to provide a method of reducing the effects of 
10 varying environmental conditions on the measuring results in a measuring instrument 
which is comparatively simple to implement and which leads to a substantially 
reduced impairment of the measuring results by varying ambient temperature. It is 
also an object of the invention to provide a measuring instrument wherein the effects 
of varying ambient temperature on the measuring results are substantially reduced. 

15 

According to the invention, this object achieved by a method, with the measuring 
instrument comprising a measuring unit with, components which are sensitive to 
varying environmental conditions, in that : 

a) the measuring uuit is thermally insulated such that the effects of variations in the 
10 environmental conditions on sensitive components are substantially reduced, but 

dissipated heat generated within the measuring unit can still leave the measuring 
unit ; and 

b) the temperature in the measuring unit is controlled by means of a control loop 
comprising a temperature sensor and means to influence the temperature in the 

25 measuring unit in such a way that the temperatures at locations with sensitive 
components are kept substantially constant. 

For a measuring instrument, the above mentioned object is achieved in that , 
a) a thennal insulation means is provided in the measuring instrument which 
30 substantially Teduces the effects of variations in the environmental conditions 

on sensitive components, but still permits dissipated heat generated within 
the measuring unit to leave the measuring unit ; and 
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b) control means arc provided for controlling the temperature in the measuring 
unit , wherein the control means comprise a temperature sensor and means to 
influence the temperature in the measuring unit in such a way that the 
temperatures at locations with sensitive components are kept substantially 
5 constant. 

According to the invention, it has been realized that one of the reasons for the 
shortcomings of the prior art solutions is that they are only designed to achieve 
thermal stability at a specific location in the measuring unit so that other locations are 
10 still infl uenced by external ambient temperature variations. The present invention, 
however, provides for a temperature control so that the temperatures at all locations 
within the measuring unit are kept constant 

In a preferred embodiment of the invention a heater and a fan are used to direct an air 
15 stream of controlled temperature to the measuring unit. The heater is controlled with 
the help of a controller which receives as an input the output signal of a temperature 
sensor measuring the temperature of the air stream. 

In a further development of this preferred embodiment, the target temperature for the 
20 temperature control, i.e. the input of the controller, is dynamically adapted to the 
actual ambient temperature conditions by using an additional temperature sensor for 
sensing ambient temperature. Preferably, the control range is in the order of the 
expected variation of the ambient temperature and the target temperature is above the 
ambient temperature. This has the advantage that only a heating and no cooling is 
25 required in the temperature control loop and that the power consumption is 
comparatively small 

When using the dynamic adaptation of the target temperature to the actual ambient 
temperature short term fluctuations (in the order of seconds) and medium term 
30 fluctuations (in the order of minutes) of the temperature can be fully compensated 
and long term fluctuations would only be noticeable as a long terra drift which, 
however, is uncritical in typical measuring instruments, for example in optical 
detectors for liquid chromatography, since such a uniform drifting can easily be taken 

-5 - 
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into account when processing the measuring results. On the other hand, the dynamic 
adaptation ensures a low power consumption and a comparatively simple technical 
design at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a prior art detector for a liquid chromatograph for 

illustrating the underlying problem of the invention. 
Figure 2 is a block diagram of a detector for a liquid chromatograph according to an 

embodiment of the invention. 
Figure 3 illustrates the principle of operation of the embodiment of Ihe invention 

show in Figure 2 with the help of a flow diagram. 
Figure 4 is a block, diagram of the temperature control loop, farther explaining the 

embodiment according to Figures 2 and 3. 
Figure 5 is a graphical representation of temperature as a function time, illustrating 
the response of the internal temperature to an abrupt change of the ambient 
temperature, according to an example of the invention. 
Figure 6 illustrates the temperature control loop used for avoiding heat transfer ftom 
the detector sample cell according to a further development of the invention. 
Figures 7a~7c show three measuring curves illustrating the improvement over the 
prior art achieved with the invention. 

In the following, embodiments of the invention will be described with reference to the 
25 drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 2 is a block diagram of a liquid chromatography detector according to an 
30 embodiment of the invention. Block 20 comprises a flow cell 21 with inlet 23 and 
outlet 22 and optical components, such as tungsten lamp 28, deuterium lamp 26, 
lenses 27 and 25, diffraction grating 30 and photosensor 31, typically aphotodiode 
airay. The detector further comprises electronic circuitry 32, typically arranged on 
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one or more primed circuit boards, and a power supply 33. The housing of the 
detector is schematically indicated with reference numeral 40. 

A fan 34 for forced air-cooling is arranged inside the detector between block 20 and 
5 power supply 33 and electronic circuitry 32. The fan 34 generates an air flow as 

indicated by the arrows 35 towards block 20. A heater 36 is arranged in the air flow at 
one side of the fan 34. At the other side of the fan 34, a temperature sensoT 37 is 
located. The output signal of the temperature sensor 37 is supplied to a 

temperature control block 39. An auxiliary temperature sensor 38 is located near the 

io rear end of the detector housing for monitoring the ambient temperature. The output 
signal (ft anfc) of the auxiliary temperature sensor is supplied to the temperature 
control block 39. The temperature control block 39 generates a power signal (P heat) 
to control the heater 36 using an algorithm which will be explained in more detail 
below. The control block 39 is implemented in firmware, but it could also be realized 

15 either in software or with discrete analog or digital circuitry. 

At the front side of tihe detector, a thermal barrier 41 is arranged for preventing heat 
transfer from the outside against the direction of air flow. The thermal barrier 41 in an 
embodiment of the invention is made of foamed material and has a typical thickness 

20 of a few millimeters- The IhermaL barrier could also be made of other materials or be 
realized by constructive design. The thermal barrier 41 and the chosen direction of air 
flow prevent that variations of ambient parameters (temperature, humidity, air 
velocity, etc.) can directly reach the sensitive components of the detector in block 20. 
In order to prevent that the heat generated in block 20, for example by the lamps, 

25 heats up the detector, small openings are provided at the front side through which 

excess heat C2n escape to the outside. This is illustrated in Figure 2 in that the arrows 
35 for the air flow extend into the thermal barrier 41 and from there to the outside. 
Alternatively, ©mall openings may be provided at the periphery of the thermal barrier 
through which the heated air is transported to the outside (arrows 35a). The openings 

30 are sufficiently small so that changes of the ambient conditions do not directly teach 
the sensitive components of the detector. 
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lax the following, the control algorithm used in the detector shown in Figure 2 will be 
explained in detail. Reference is made to Figure 3 which illustrates the principle of 



Ihe detector housing 40, the optical unit 20 arranged inside the detector, the fan 34 for 
forced air cooling, the heater 36, the temperature sensor 37, and the auxiliary 
temperature sensor 38 for sensing ambient temperature. The direction of air flow is 
indicated with arrows 35. 

The heating power of the heater 36 is controlled by an input signal supplied on line 
42, In the present example, the healing power is determined by the duty cycle of the 
signal on line 42. The appropriate duty cycle is determined by a P£D controller 44 in 
response to input signals on lines 45 and 46. The input signal on line 45 corresponds 
to the temperature measured by the sensor 37 between fan 34 and optical unit 20, and 
the input signal online 46 corresponds to the target temperature the significance of 
which will be explained later. A signal generation circuit 43 produces the output 
signal for the heater 36 having the thus determined duty cycle. 

A circuit 48 determines whether the duty cycle (DC) of the signal on the line 42 lies 
within a first predefined range. In the present example, this range has been chosen as 
50% +/- 30% duty cycle, that means between 20% and 80% duty cycle. If the duty 
cycle is within that range* no further steps are taken. If the duty cycle is outside of that 
range, a control signal is generated which causes a circuit 50 to influence the signal on 
line 46 such that it follows the ambient temperature in small steps, such as steps of 
0,01 degrees Kelvin. 

A circuit 47 determines whether the duty cycle (DC) of the signal on the line 42 lies 
within a second predefined range. The second predefined range typically 
encompasses the first predefined range. In the present example, the second predefined 
range has been chosen as 50% +/- 35% duty cycle, that means between 15% and 85% 
duty cycle. If the duty cycle Lies within that range, no further steps are taken. If the 
duty cycle is outside of that range, a control signal is generated which causes a 
circuit 49 to influence the signal on line 46 such that it represents a higher or lower 



operation with the help of a flow diagram. Figure 3 also depicts in a schematic way 
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target temperature. In the present example, the target temperature is thus increased or 
decreased in steps of 0 9 01 degrees Kelvin. 



The following of the ambient temperature with circuit 50 occurs at a slower rate than 
5 the stepwise decrease or increase of the target temperature with circuit 49. In a 
practical example, changes at the output of block 50 representing a temperature 
change occur each 8 seconds, whereas corresponding changes at the output of block 
49 may occur each 2 seconds. Block 49 thus serves for an accelerated target 
temperature adjustment and helps to bring the duty cycle quickly back into its normal 
10 operating range. 

If, after corresponding increase or decrease of the temperature signals from blocks 49 
and 50, the duty cycle has returned to its normal range (20% to 80% in the example), 
the target temperature supplied to the controller 44 at this time is used as the new 
15 nominal value for the control of the heater 36- The control range for temperature 
regulation is in the order of the expected ambient temperature variation and the target 
is set to the middle of the control range (50% duty cycle) at the end of the warm-up 
phase, 

20 The conditions during warm-up will be described in the following. Since the 

temperature regulator is designed substantially for an operating range in the order of 
somewhat above tbe expected ambient variation for suppressing ambient variations 
instead of an overall temperature stabilization, the target point for temperature setting 
has to be determined. During an initial time interval after switching on the 

25 instrument or after changing the lamp status, the control is switched off and the duty 
cycle on line 42 is set to 50%, During this interval the temperature of the sensor 37 at 
the fan 34 is monitored and at the end of this interval a weighted average of the 
measured temperatures is calculated and used as input ("target temperature-) for the 
controlled operation mode. In a second time interval, typically of similar duration as 

30 the first interval (e.g. 30 minutes), the conirol is switched on and set to "fast 
response". Fast response means that the increase or decrease of the temperature 
signals from blocks 49 and 50 is performed faster than described above in connection 
with the normal operation of the control circuits. The corresponding speed of change 
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may increase, for example, by a factor of 5 to 10. After this second time interval, 
normal control operation starts as described above. 



The operation of the temperature control loop of die embodiment described above in 
5 connection with Figures 2 and 3 will now be explained further with reference to 
Figure 4. Figuie 4 is a block diagram using Laplace nomenclature. Tu, 7 m and T B 
represent the time constants of the delays of the heater response (block 51), of the 
delay of the temperature measurement with the temperature sensor (block 52), and of 
the delay of the air temperature change from ambient to heater location (block 53), 
to respectively. The parameter K P represents the gain factor of the PCD controller 44 and 
T Uf T v are parameters to describe the time response of the controller. 



The behavior of the temperature control loop can be optimized with respect to 
response of target temperature and/or ambient temperature change by carefully 
15 determining the parameters of the PID regulator Kp, T ftf T v . In the following 

paragraphs the transfer characteristic of changes with regard to target temperature and 
ambient changes are described and the regulator parameters Kp, T B , T v for best 
behavior are determined. 



20 a) Description of target transfer function and determination of the controller 
parameter: 

The closed loop transfer function regarding the target temperature of the temperature 
control loop given above is: 



25 



(UslwH l-KsTV) 



With the assumption that: T v * T in and T n = T h the equation (1) simplifies to: 



30 
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* Kp+sTn Th W 

; * 

From the equation (2) die parameter for gain A^can now be derived. With T m = T^Kp 
for fastest response the value for gain of the controller is determined to be: 

5 

= TVT„, (3) 



10 b) Description of the transfer function of ambient temperature changes: 

According to the model of the temperature control loop as shown in Figure 4 the 
response to ambient changes can be described as: 

15 9 oil .(—1 \ + J «« ^ Kb fl-nr*) (4) 

With T v = T„, and T a = T h the equation (4) is simplified to: 

9 ftp- 9 ~b' sTn . n ~ Q + sTm)-sTm 
(H-sTa)(Kp + sTm) " (Kp+sTm)-Tm 

20 

It should be noted that only the first term depends on ambient temperature. 

The response of the actual internal temperature to ambient temperature variation 

is determined by: 



25 

■i9 a ,(*) sTm 



Kp 



<6) 



Equation (7) describes the step response of S^, expressed in s -domain. 

30 
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(s) « £ 1 — (7) 



Back transformation into the time domain gives: 

5 



77i g r «-e 



10 The result of equation (8), which describes the response of S act Xo a step of S mb is 
shown in Figure 5. 



As an alternative to the control method described in connection with Figure 3, it 
15 would also be possible to use only one temperature sensor, since the actual duty cycle 
of the heater pOAver signal on line 42 represents the deviation of the ambient 
temperature relative to the target temperature. On the other hand, an additional 
sensor like the auxiliary temperature sensor 3$ can be used to get information about 
the rate of temperature change. With this information the algorithm for temperature 
20 regulation can be optimized. As a further alternative to the method described in 
connection with Figure 3, one could define more control ranges than j ust the three 
ranges in this embodiment, i.e., range between 20 and 80%t duty cycle, range 15-20% 
and 80-85% duty cycle, range 0-1 5% and 85-1 00% duty cycle, tike in the described 
embodiment, the adjustment increments (target temperature increments) associated 
25 w) th a specific control range would in such an alternative embodiment increase with 
the deviation from the midpoint (50% duty cycle). Another possibility is a continuous 
increase of adjustment increments depending on the deviation from the midpoint. 

i 

i 
i 

i 

I 
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Figures 7a - 7c illustrate the improvement achieved with the present invention over 
the prior an with the example of three actual measuring curves. Hie measuring curves 
were recorded with a liquid chromatography detector of the type shown in Figure 1 
and Figure 2, i.e. a liquid chromatography absorbance detector with a photodiode 
5 array. 

I 

Figure 7a shows a time variation of the ambient temperature which has been 
; generated for measurement purposes. The vertical axis of the graphical representation 

is the deviation of the ambi exit temperature (in degrees centigrade) from a normal 
] o ambient temperature value, and the horizontal axis is the elapsed time (in minutes). 



Figure 7b shows the detector signal of a prior an detector which was subject to the 
ambient temperature changes represented in Figure 7a. The vertical axis represents 
the absorption signal of the detector in milh absorbance units (mAU), and the 

15 horizontal axis is the elapsed time. The measurement according to Figure 7b was 
made without sample substances flowing through the detector flow cell, so that the 
variation in the detector signal is solely due to the ambient temperature changes. It 
can be seen that the temperature changes produce peaks in the detector signal 
synchronously with the temperature variation If real sample substances are 

20 measured, these temperature induced peaks would interfere with the sample peaks and 
thus substantially impair the measuring accuracy. 

Figure 7c shows the detector signal of a detector in accordance with the present 
invention which is subject to the same ambient temperature variations as the prior art 
25 detector of Figure 7b. It can be seen that the signal is substantially smooth and, in 
contrast to the prior art, has no artificial peaks which could interfere with the sample 
peaks. 

In the following, a further development of the invention will be described which is 
30 particularly useful for detectors wherein the liquid being analyzed in the detector may 
transport heat into the detection system. In many liquid chromatography applications, 
for example, the eluent (solvent) and Che separation column are heated in an oven iu 
order to optimize the separation process of the compouuds. Heat can thus be 



-13- 



. J-o -7iYU +4-9 89 1*3934465 : #23 

Agilent Technologies Inc. 
Int. Re.; 20003799 

transferred into the detection system by the solvent passing through the flow cell. The 
amount and the direction of transferred heat depends on the solvent temperature, the 
flow rate, the temperature of the flow cell environment, and the thermal properties of 
the solvent which in turn is a dependent on the solvent composition. Specifically, the 
5 transferred amount of heat is the product of the flow rate, time, temperature 

difference between flow cell inlet and outlet, the specific heat of the liquid in the flow 
cell and its mass density. 

The factors which determine the amount of transferred heat, such as flow rate, solvent 
10 temperature, solvent composition are often varied during a chromatographic analysis 
in order to optimize the separation. Due to these variations, the amount of heat 
transferred to the measurement system can vary significantly. As a consequence 
thereof, the thermal equilibrium is disturbed causing drift on the measuring signal and 
inaccuracies of the measuring results. 

15 

Tn the prior art there are two approaches to prevent heat transfer from the solvent to 
the measuring system. According to the first approach, a passive heat exchanger is 
provided to approximate the solvent temperature to the operating temperature at the 
position of the flow cell. In the second approach, toe flow cell is thermally insulated 
20 to avoid heat transfer into the system. Both approaches have disadvantages. First, a 
passive heat exchanger approximates the temperature to a level which may differ 
from the required cell, environmental temperature so that the result may not he 
satisfactory. Second, in case of thermal insulation of the flow cell, the temperature of 
the solvent passing through the cell still depends on the analytical parameter and may 
25 affect the characteristics of the optical path by refractive index changes. 

In accordance with a further development of the present invention, heat transfer ftom 
the solvent is avoided by equalizing the solvent inlet temperature with the temperature 
of the flow cell environment. Since the temperature of the cell environment depends 
30 on the target temperature of the temperature regulator, a two-stage flow heat 
exchanger is used. 
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The first stage is a passive heat sink with fins which is placed in air flow. It vises the 
thermal capacitance to reduce the temperature difference between heated solvent and 
flow cell environment and damps variations in heat transfer caused by variations in 
flow rate, solvent temperature and solvent composition. 

5 

The second stage is an actively controlled heat exchanger with means for heating 
and/or cooling, e.g. a Peltier element, with associated temperature controller. It is 
also possible to combine both stages, but the best results are achieved with two 
separated stages in series, especially if the second stage is thermally isolated from the 

io first stage. The temperature control loop for such a two-stage flow heat exchanger is 
schematically illustrated in Figure 6. Tc denotes the time constant of the delay of the 
second stage heater/cooler; Ts denotes the time consxant of the delay of the 
temperature measurement with the temperature sensor. Tsolv represents the time 
constant of the passive first stage heat sink. Kp and, Tn and Tv are parameters of the 

1 5 PID regulator The values of these parameters are determined in a similar way as 
detennined for ambient temperature regulation. The letter ft denotes various 
temperatures as specifically indicated by the subscripts. The subscript "solvent" refers 
to solvent temperature, "cell 1 * to sample cell temperature, "meas" to measured 
temperature, "solv-targct" to the desired solvent temperature. 

20 

Various modifications to the above described embodiments of the invention, are 
possible, depending on specific requirements and desired applications. In the 
embodiment shown in Figure 2 rhe fan with the heater and temperature sensor are 
placed in the middle of the instrument and the cooling air flows first through the 

25 electronic circuitry and the power supply before it is temperature stabilized. Then the 
air flow passes the optical unit and exits through the front side. This is advantageous 
in cases where the characteristics of the electronic circuitry and the power supply are 
not particularly sensitive to ambient temperature changes or if the power dissipation 
of these functional blocks is not varying with time. In both cases the thermal time 

30 constants of these blocks act as additional thermal Jow pass and the temperature 
regulatiou results iu better performance. 
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If other components with variable power dissipation are present in the system, then 
local control of heat transfer may be advantageous, similar to the above described 
flow cell heat exchanger. The precise direction of air flow i$ only of secondary 
importance. It i$, however, important that the temperature stabilization unit is located 
5 in front of or close to the temperature sensitive functional blocks of the instruments. 
Furthermoie, there should be no bypasses at temperature sensitive functional blocks 
with unregulated air flow. 



10 
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CLAIMS 

5 1 . A method of reducing the effects of varying environmental condition s, s uch as 
varying temperature, on the measuring results in a measuring instrument , 
wherein the measuring instrument comprises a measuring unit (20) with 
components which are sensitive to varying environmental conditions, 
characterized in that 

10 a) the measuring unit (20) is thermally insulated such that the effects of 

variations in the environmental conditions on sensitive components are 
substantially reduced, but dissipated heat generated within the measuring unit 
can still leave the measuring unit ; and 
b) the temperature in the measuring unit (20) is controlled by means of a control 

i 5 loop comprising a temperature sensor ( 37) and means to influence the 

temperature in the measuring unit in such a way that the temperatures at 
locations with sensitive components are kept substantially constant. 

2. Method as in claim 1 , wherein the step of thermal insulation (step a» comprises 
20 arranging a thermal barrier (41) between the measuring unit (20) and the housing 

(40) of the measuring instrument, 

3. Method as in claim 1 or 2 t wherein the target temperature in the measuring unit 
(20) is related to the ambient temperature and wherein the range to be controlled 

25 is in the order of the expected variation of the ambient temperature. 

4. Method as in claim 3, wherein the target temperature in the measuring unit (20) is 
above the ambient temperature, for example by about one half of the expected 
variation of the ambient temperature. 

30 



-17- 



RCV. VON:EPA-MUENCHEN 02 '.27- 6- 0 : 17:07 : 49 7031 143812- +49 89 23994465:*27 



C •:• • ■ -3 vui i . Dot i xr ocv. i . cygur 



Agilent Technologies Inc. 
Int. Re.: 20003799 

5. Method as in any of the preceding claims, wherein the controlling of the 
temperature in the measuring unit (step b)) comprises: 

- providing a fan (34) for directing air to the measuring unit (20) and a heater 
(36) for heating the air directed to the measuring unit (20) by the fan; 

- measuring the temperature of the heated air and using this temperature as input 
signal to the control loop. 



6. Method as in claim 5, comprising ihe additional steps of measuring the 
temperature ($ ^h) close to the housing of the measuring instrument where 

10 ambient air enters the instrument and deriving firoro this temperature an additional 
input signal (46) to the control loop. 

7. Method as in any of the preceding claims, wherein the measuring instrument is a 
liquid chromatography detector, in particular a liquid chromatography absorbancc 

15 detector . 



8 . A measuring instrument, for example an optical detector, comprising a measuring 
unit (20) with components which are sensitive to varying environmental 
conditions, such as varying temperature, 

20 characterized in that for reducing the effects of varying environmental conditions, 
a) a thermal insulation means (41) is provided in the measuring instrument which 
substantially reduces the effects of variations in the environmental conditions 
on sensitive components, but still permits dissipated heat generated within 
the measuring unit to leave the measuring unit ; and 

25 b) control means are provided for controlling the temperature in the measuring 
unit (20). wherein the control means comprise a temperature sensor ( 37) and 
means to influence the temperature in the measuring unit in sttch a way that 
the temperatures at locations with sensitive components are kept substantially 
constant. 

30 

9, Measuring instrument as in claim 8, wherein the thermal insulation means is a 
thermal barrier (4 1 ) arranged between the measuring unit (20) and the housing 
(40) of the measuring instrument. 
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1 0. Measuring instrument as in claim 8 or 9, wherein the control means comprise: 

- a fan (34) for directing air to the measuring unit (20), 

- a heater (36) for heating the air directed to the measuring unit (20) by the fan, 
5 - a temperature sensor (37) for measuring the temperature of the heated air, and 

- a control loop connected to the temperature sensor (37) and to the heater (36). 



1 L Measuring instrument as in claim 1 0 f wherein an additional temperature sensor 
(38) is provided close to the housing (40) of the measuring instrument where 
10 ambient air enters the instrument, and wherein the temperature measured with 
the additional temperature sensor (37) is an additional input signal to said control 
loop. 



12. Measuring instrument as in any of the claims 8 to 11, wherein the measuring unit 
15 comprises a flow cell (2 1) through which solvent can flow, for example solvent 
from a liquid chromatograph, characterized in that additional means are provided 
for adapting the solvent inlet temperature to the temperature of the flow cell 
environment. 



20 
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ABSTRACT 

5 A method of reducing the effects of varying environmental conditions, such as 

varying temperature, on the measuring results in a measuring instrument, is disclosed 
as well as a corresponding measuring instrument using the method, for example an 
optical detector. The measuring instrument comprises a measuring unit (20) with 
components which are sensitive to varying environmental conditions , and is 

10 characterized in that the measuring unit (20) is thermally insulated by a thermal 
barrier (41) such that the effects of variations in the environmental conditions on 
sensitive components are substantially reduced, but dissipated heat generated within 
the measuring unit can still leave the measuring unit , and that the temperature in the 
measuring unit (20) is controlled by means of a control loop comprising a 

15 temperature sensor ( 37) , a healer (36) and a fan (34) to influence the temperature in 
the measuring unit (20) in such a way that the temperatures at locations with sensitive 
components are kept substantially constant. (Figure 2) 
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Figure 1 (Prior art) 



• o-7 c- • i-nH ■ +q 7031 143812- +*9 89 23994465: #31 

Agilent Technologi sine 
Int Re.: 20003799 



35 



J3_ 



40 



Power s upply 

w 



_32_ 



Electronic circuitry 



Aux Temp Sensor ^8 

Sainb 



36^ 
9 ~ 34-| 



3>- 



Heater 



Forced air-cooling fan 



V Temperature sensor S acT V 



Control 
block 



20- 



35a 



Figure 2 



P 

—39 




-30 



35a 



CV. VON : nPA-MUKNCHEN 02 :27-.6- 0 : 1 7 ' 08 : 49 7031 J4-3aL2- +4H 89 : #.32 

^^^^^ ^^^^V '"-T"- *:?T*:*: 

Agilent Technologies Inc. 
Int. Re,: 20003799 




Agilent Technologies inc. 
Int. Re.: 20003799 



Ambient 
temperature 



Initial 
Urgct 
temperature 



Power dissipation 
of electronic & power supply 



Delay of lemp 



Ambient 
tracking 



1+ sT* 



.53 



4 \ PID Controller 



(l+8T fl Kl+«T v ) 



1 + sT, 



Delay of temperature mtusvrtwtot 



1 



1+ %t a 



-52 



Heater 



1+ sT u 



-SI 



4> 



-»©■ 



Regulated 
temperature 

► 



Figure 4 



CV . VON : EPA - MUEN'CHEX 02 



27-^ 6- O : 17:08 : 



49 7031 1438)2- 



4-49 89 23994465; #34 

ocx t c;.. : ;.w.. ; x^....... v ..,v. ; . : . 



Agilent Technologies Inc. 
Int. Re.: 20003799 



Step rcsp nse of internal temperature 




Figures 



1* stage bCfttsUik 





1 




► 


1 + *TW 





FIB Regulator 




1 sta$e 
Heat or ««o] 



(l+sT^Kl+sT,) 
K p i ^ 



1 + sT B 



Delay of temp measurement 




Figure 6 



;CV . VON : EPA - MUENCHEN 02 :27- 6- 0 ; 17 :08 : 49 7031 143812- +49 89 20994465 : #35 

EFQO113eQ0J. SPEC ' 



Agilent Technologies Inc. 
Int. Re.: 20003799 




